The coastline is one of the country's most important environmental and economic resources. However, it is a delicate and highly coveted environment on which many factors of evolution interact, both anthropogenic and natural. This work is concerned with the diachronic study of the coastline of the Mediterranean coast, particularly the coastal fringe at the level of Tangier Bay. In order to experimentally confirm the numerical models used and to take part in the development of an accurate, reliable and rapid decision support system for the assessment and remediation of the risks of accretion and coastal erosion, the methodology followed consists of the application of automatic analytical techniques, based on a geomatics approach, using a multi-temporal photo-interpretation, a Geographical Information System (GIS) and a computerized data analysis system (DSAS: Digital Shoreline Analysis System). The change rate will be calculated from the multi-date maps (1981-96 and 2017) using the End Point Rate (EPR). To achieve our objective, the study area was divided into three sectors from East to West: El Ghandouri Beach, Malabata Beach and the municipal square adjacent to the port. The GIS analysis of the data obtained shows that the coastline is present by location and for the three periods of comparison of the remarkable zones of erosion and sedimentation.
Introduction
The coastal fringe is the meeting point of the Earth and the Sea and defining it is not simple. One could say that this is the level playing field between terrestrial and marine ecosystems. The fauna and flora found there are certainly very diverse but especially fragile. Its concrete delineation remains in practice very vague. It is a vulnerable space, in constant evolution.
Morocco's coastline, with its two coastlines, Mediterranean and Atlantic, extends over approximately 3500 km. This belt, with its urban agglomerations and various activities, contributes to the structuring of the national economy. This highly coveted space is subject to multiple forms of pressure, which can be considered as the source of environmental risks. Indeed, it is the place of a rapid urbanization organized and disorganized, but also of implantation of industrial projects, port, tourist and fishing activities. In short, the Moroccan coastline is the place where all the pressures of economic and demographic development accumulate and where competition for land appropriation is particularly severe [1] . The degradation of coastlines is therefore a global reality on which two main factors influence: Eustatic movements and the reduction, sometimes even disappearance, of sedimentary inputs to the coast. Morocco's coastlines are no exception to this erosion. In the context of the sustainable development of the country, it is necessary to take this into account when planning coastal tourism.
The purpose of this article is meant to understand the role played by anthropogenic developments, in particular the work of the new marina, as well as natural factors in the historical evolution of the coastline of Tangier Bay, and to identify areas in erosion and accretion. The diachronic study is based on photo-interpretation (air photos, satellite images) and the construction of a geographic information system (GIS) combined with a digital Shoreline analysis system (DSAS Digital shoreline Analysis System) and field observations and surveys.
Study Area
Tangier Bay is a coastal sedimentological entity of great hydrodynamic and sedimentary importance, due to its particular geographical position on both sides of the Strait of Gibraltar, a place of exchange between the Atlantic and the Mediterranean [2] . It is located at the north-western end of Morocco, on the south- hinterland is characterized by the stacking of four layers of flyschs which rest on the Tangier unit: Melloussa, Béni-Ider, Tisirène and the numidian layer [4] . On the hydrology side, the Tangier zone is characterized by an average annual rainfall of 800 mm. The bay is home to a fairly dense hydrographic network, consisting of four main temporary wadis from West to East: wadi Souani, wadi Mghogha, wadi Mlaleh and wadi Chatt. The annual solid flow of all wadis entering the bay is estimated at between 60,000 and 70,000 t/year, including 5000 to 10,000 m 3 of sand, gravel and pebbles [5] .
From the hydrodynamic point of view, swells come mainly from two sectors: -The swells in the area, westward to NW, come from the Atlantic and dominate off the bay. The periods are of the order of 9 and 12 s with an amplitude of 2 m;
-The swells in the second sector, east-to-east to NE direction, are due to local wind seas, characterized by short periods of 3 to 5 s, and heights of less than 1.5 m. These swells alter the coastline to the east of the bay with an incidence of 20˚ to 30˚, resulting in a lateral transfer from East to West. The tide is of the semi-diurnal type with an average amplitude of 1.8 m. The tidal range of the white water is 2.2 m and the tidal range of the overburden is 0.8 m [6] .
The size of sediment grains depends on several factors including: the mineralogical composition of detritic particles and their erosion and transport history. The combination of these factors results in particle deposition of varying particle types and particle size distributions [7] .
The surface sediments of Tangier Bay, generally silico-clastic in nature, consist of sand of varying sizes. Carbonates are almost exclusively calcitic. Their generally variable contents show an increasing evolution of the shoreline (11%) towards the bay (23%) where carbonate-tested organogenic debris contributes to this increase [8] . Granulometric analysis of surface sediments shows the presence of three main facies: A mixed facies consists of a mixture of sand and silt with a sand content of between 30% and 70%. This type of facies characterizes the western part of the bay, which is generally sheltered from the NW swell and appears as muddy sand and sandy silt.
The distribution of sand along the coast of Tangier Bay highlights two sections of beach: The first, extending from the wadi Mghogha to the harbour, consists of moderately classified fine sands. The second, which goes from the wadi Mghogha to the tip of Malabata, consists of medium sands, well to very well ranked [9] . 
Material and Methods
In this research, we have used a methodological approach that uses the classical techniques of digital geographic information processing, highly appreciated in coastal kinematics and described by many authors [11] .
In order to extract the reference lines from the documents selected to observe and analyse the spatio-temporal evolution of the sandy coastline of the Tangier Bay region on a regional and local scale, we have adopted the following methodological approach: First, the selection of a reference line adapted to the field of study and the type of documents used; then the geometrical rectification of the available data, ex- 
Basic Data
The kinematics of the coastline are studied by photo-interpretation using two vertical aerial photographs acquired in panchromatic mode (dated 1981 and 1996 ) and a satellite image (2017) (Figure 2-4 ). The scales are 1/40,000, covering a period of 37 years (Table 1) , the Google Earth 2017 image is characterized by a high resolution of 10 m. Thus, several dates are often recommended in order to obtain a better result of the temporal evolution of the coastline, the precision of the evolution rate calculation increases with the number of coastlines used [12] .
A topographic map of Tangier (1965) with a scale of 1:50,000 was also used for the geometric correction of aerial photographs.
Software and Tools Used
Three tools were used in this study:
-The ArcGis 10.5 is a GIS processing and mapping software with its multiple extensions, it allows the final processing of data and the production of thematic maps;
-DSAS 4.3.4, which is a tool developed by United State Geological Survey. The "Digital Shoreline Analysis System" is a GIS application for ArcGIS 10.5, allowing the calculation of trend rate statistics on transects perpendicular to the coastline; -Google Earth Pro, which is a tool designed for professionals to increase productivity, communicate visually and share geographic information. Indeed, this version allows the import of GIS (Geographic Information Systems) data, high resolution printing (up to 4800 pixels) and area measurement.
Methodology Used to Study the Kinematics of the Coastline

Select Reference Line
Indicators are used to indicate reference lines according to media and detection methods. In a diachronic study based on photo-interpretation, the choice and extraction of a line in conjunction with the different images used is necessary [13] . The inventory and description of the main indicators of the coastline lines recorded in the photographs and the image from 1981 to 2017 make it possible to identify by elimination the reference line selected for the diachronic study.
Detecting Indicators of Coastline Identification
To this end, we have chosen the most suitable indicators for reconstituting the kinematics of the sandy coasts of Tangier Bay. The field observations made during our field trips to the study site and the quality of aerial photographs enabled us to define the most relevant reference line in the Tangier Bay coast:
the High Water Line (High Tide Line). This is the indicator most commonly used by Anglo-Saxons to study shoreline variations [14] [15] [16] . It was defined as the level reached by the last high tide [17] .
Developing and Processing Input Data 1) Geo-referencing
Thanks to the ArcGis software, geo-referencing was carried out in order to produce Raster type data with a well-defined projection system, this facilitates the integration of these same data into the ArcGis software for later operations.
For the geo-referencing of topographic maps, we firstly located the location of the different crosspieces used for calibration, then we introduced the real coordinates in meters of the control point. The same operation was repeated for at least 4 other calibration points in order to obtain a reliable accuracy. To conclude, and before recording the geo-referenced map, we defined Lambert's conformal conical projection system (Nord Maroc Lambert I) as the projection system to which our zone belongs.
With regard to the geo-referencing of aerial photos and satellite images, the geo-referenced topographic map was used in advance, so identical points on both (round points, national roads ... are identified and used as reference points for calibration). The image is therefore superimposed on the geo-referenced map . It is necessary to look for a deformation model to correct these defects and bring the images into conformity. This operation allows precise measurements and conditions the quality of the results, which is why we will first insist on it before setting out the procedure for interpreting and digitizing the reference lines.
• • Uncertainties, estimation of errors affecting reference lines
Regardless of the technique and methodological approach used to measure the evolution of a coastline from iconographic documents, the evolution rates obtained always involve a certain fraction of uncertainty, which must be evaluated in order to assess the degree of representativeness of the results and exploit them appropriately [20] . The objective is to analyze all sources of uncertainty related to the quality of the mobilized data, short-term variations in the position of the solid sea line and the treatments applied to extract reference lines from aerial images. References [13] [21] suggest that the superimposition of observed terrestrial characteristics on aerial photographs and a map at this scale can lead to an error of ±10 metres in relation to reality. The coastline also is not always well visible on some aerial photographs, the lines drawn by the tide can then appear slightly blurred, so we have an uncertainty to pinpoint the coastline with precision. The higher the number of calibration points, the smaller the uncertainty. The RMS errors (Table 2) for each image were greater than or equal to 0.22 m. However, this error must be reduced to ±1 m [23] (Table 3) .
Measuring and Statistical Calculation Tool for the Evolution of the Coastline
The choice of a technique depends on several factors [14] . Generally, this choice must take into account the data used, the selected coastline and the precision required through such a study [14] [15].
In our study, we measured linear evolutions automatically using the Geographic Information System (GIS) using the Digital Shoreline Analysis System (DSAS version 4.2), which is a module of ArcGIS 10.5 (ESRI, Redlands, California) developed by the US Geological Survey [24] , following transects perpendicular to the lines to be compared ( Figure 5 ). These land/sea transects, spaced 50 m apart, are generated from a baseline. The DSAS measures the distances between the intersection points of transects and coastlines, calculates the rates of change along each transect, and describes the results in the form of attribute tables. Then, all generated transects are checked to verify and eliminate aberrations or those located in areas where reference lines could not be scanned Figure 5 . Diagram illustrating the necessary steps for statistical calculations of the rate of change using the DSAS application under ARCGIS 10.5.
and in areas where the quality of georeferencing was poor. Finally, the analysis of the automatically generated attribute tables makes it possible to estimate the coastal kinematics and to map the evolution rates. Among the indices proposed by DSAS, we have chosen the EPR index (End Point Rate) in order to understand the temporal evolution of the coastline position, it will allow us to devalue the evolution between the location of two successive coastlines and to estimate the evolution rates of each site over the entire study period.
EPR (End Point Rate):
The EPR or extreme point method is the ratio of the distance between the oldest and most recent coastline line over time (number of years elapsed between the two dates). This attribute, expressed in metres/year, is presented in the cartographic model under the heading "annual average". The EPR is suitable when two coastlines are available to evaluate shoreline kinematics [25] . Orthogonal transects are generated, automatically, at a specified spacing, all along the coastline using DSAS when the "Personal Geodatabase" is ready in ArcGIS. They are equidistant and perpendicular to the baseline and represent fairly finely the evolution of the coastline. Finally, after creating the orthogonal transects, DSAS International Journal of Geosciences calculates the mean, minimum and maximum coastline modification velocity along each calculating transect. The evolution rate for each period is also calculated using EPR methods.
As part of this work, transects are generated every 50 meters in order to accurately represent the evolution of the coastline and highlight the different aberrations (Erosive transect in an accretion zone or vice versa). We then carry out statistical calculations of the evolution of the coastline on all transects, then a cartography work under the ArcGIS 10.5 will allow us to interpret the results.
Results
The outcome of our study represents a synthesis of the coastal changes that have 
Coastal Line Mobility (EPR)
The study area was divided into 3 sectors from East to West (Table 4) 
Discussion
The use of aerial photographs has enabled us to trace the evolution of the coas- This is evidenced by the effect of the currents generated by NW swells and NE waves, which are responsible for the distribution of sediments in the bay and beach degradation in the eastern part of the bay, while also favoring the fattening of the western sector. The influence of swell energy decreases from east to west of the bay, which explains the presence of fine facies in the western sector, particularly in the breakwater area. Another natural cause would be the action of storms, which are frequent in Tangier. The evolution of the change rate of the coastline by periods shows an erosionary trend during the 1981-1996 period, followed by a pre-flooding trend between 1996 and 2017. The cause would be the anthropic effect, very apparent especially in the last 15 years, especially with the protective structures (the presence of the breakwater implies zones of deposit behind it, inducing the fattening of the beach behind the structure and the formation of tombolos. The ear located to the west of the structure intercepts the sediments in transit from east to west and thus creates a zone of significant erosion in the west) and the major conversion works from the port of Tangier to a marina and marina.
From the point of view of the reliability of the calculated rates of change, the methods used do not always yield identical results [18] , the best match is found in the extreme point method (EPR) since the points are closer to the diagonal. This method is more correct in rocky areas where the identification of the selected reference line is difficult. For this reason, the results of the LNR and WLR methods were neglected.
Conclusions
The geographical position of the Moroccan coastline is complex and vulnerable because it is under increasing pressure. Its coastline is therefore highly threatened by degradation and erosion. Its management has proven its limitations and has only accentuated the various problems.
This research focuses on the constructive and useful function of GIS through the Arcgis software and its DSAS extension, for the case study of Tangier Bay.
The use of photo-interpretation and aerial photography has enabled us to study the diachronic kinematics of the coastline. Its interpretation allows us to determine the main factors that cause erosion and shows the impact of the port's reconversion work on the modification of the morphology of the bay.
While the natural causes are always obvious, such as swell, wind, currents, tides, etc., human activity is increasingly influencing the profile of beaches. Several erosion factors directly related to man can be cited:
-The over-frequenting of certain beaches, which deteriorates the dune massifs.
-The construction of harbors (e.g. the new Tangier Marina) prevents sediment from moving along the coast.
-The urbanization of the coastline, which reflects the swell and prevents waves from breaking out. Their energy is no longer dissipated along the beaches -The poor design of defensive works, which by fighting locally on a problem, displace it on the neighboring beaches.
-The construction of dams reduces the solid inputs from rivers flowing into the sea.
-The deterioration of marine plants that slow down coastal erosion by stabilizing the seabed and dissipating the energy of the swell, through pollution, trawls, wild anchorages ...
In a national and international context of environmental awareness, Morocco must find the conditions for a more "sustainable" development and an integrated approach, able to coordinate the multiple and interdependent interests of all sectors, while respecting environmental values.
